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Abstract" ' ':"'''y'^\^'<:. 
Evvang Sank 873 Held Jdevelo^^ 1^94 thrpugh 1995; 

producibis from deepwater turbidity sands at ah average depth of 
l i.OOO'^TVD. Water depth at the platfonh is 775'. In early 1996; 
pressure transient analysis oif bottom hole pressure build-up 
suiVeyS indicated increasing stcinsl Before pumping aiiy type of 
lennediai stimulation treatment, it was decided to test the recom- 
mended acid^ foiinulation in the* lab. Acid corefloods Were 
perfbrtiriixl dtf coifilpoM whole c^brc using a typical 

10% HCl/r59t'HF formulation. This acid fqrth proved to 

be dsinlaging ai tab re5iiit$ Indicat lips^eif in. permeability of up 
to 74%. A series of cbre:iflb6ds were'theii performed on cornpos- 
ite core samples to t^sl' thfe effects of various mud acid fbrmula- 
tioris, pte-flushes. post-flusheis and acid additives. X-ray diffrac- 
tion (XRD) and scanning electron microscope (SEM) analysis 
were also performed to help in determining the cause and 
mechanism of the damage. Results indicated that the loss in 
permeability was associated with acid additives which were 
causing fmes migration and with silica gels precipitated as a result 
of the aggressive reaction of HCI with zeolite (clinoptilolite) 
within the fomiation. An optimum treatment formulation was 
identified, consisting of \09c Citric/I. 5% HF acid, with no 
additives except corrosion inhibitor. This treatment was success- 
fully applied in the field to five producing wells. Aggregate rate 
increased from 7400 BOPD to 16,000 BOPD and productivity 
index (PI) increased from 4.78 to 12.73 BOPD/psi of drawdown. 

Introduction 

Ewing Bank 873 is a flextrend Gulf of Mexico field located 
appioximately 200 miles south of New Orleans. Louisiana in 775 
ft of water that was discovered in 1991 . The discovery well was 
sidetracked and thiee delineation wells were drilled over the 



following 12 months to define the productive limits ot 
Pliocene age Bulminella (Bul-1) reservoir The reservoir 
series of seven stacked iuid overlapping deep water turbidite s 
deposited in a salt- withdrawal mini-basin. as shown in Figu 
The trap is formed by faults on the eastern and western mar 
of the field and by an updip pinchout of the turbidite sand: 
shown in, figure 2. Porosity in these unconsolidated reser 
sands ranges from 25 to 30%, with permeability ranging from 
to 1600 nid; &d gravities arc between 15 and 26* API. The 
sands j?xl;ieind o^^ 3000 ft oil column from 9500 ft TVE 
I2,506'ft 

. Whole coii^ y^ie obtained'^ A-2 and A-4. Petrograp 

arialyisis had been ddrte on the cores by two indep>endent laborx 
ries prior to field development. Both analyses indicated th£ 
trace to 55&'^olite; a hydrated aluminum silic^fe cement fom 
from chemically altered volcanic rock fragments was prese 
Zeolite has a platelike ciystalline structure, ranging from 10- 
microns in size. Based on these analyses, a typical 15% HC\/2 
HF mud acid would be compatible with the mineralogy. 

The production platform was installed in the summer of 19 
with facilities designed to handle 35,000 BOPD. The discoye 
welt and the three delineation wells were tied back to the platfoi 
and completed immediately after platform, installation. C 
production icpnunenceid in August, 1994. After batch drilling ai 
completing three more wells, platform processing limits < 
48.000 BOPD were reached in April. 1995. A total of u 
producers and three seawater injectors were completed in tl 
initial field development of the Bul-1 reservoir Drilling iui 
completion practices utilized during the development wei 
designed to optimize well deliverabilities\ All produccio 
intervals were drilled with synthetic fluid to minimize formatio 
damage arxi maximize penetiation rates. All completions incorpc 
rated frac-pack or mini-frac technology designed to overcome an 
near wellbore skin damage and prevent sand migration into th 
wellborc during production. As shown in Figure 3. oil productioi 
rates were maintained at platform processing limits for over ; 
year. The field's producing GOR has remained relatively constan 
since initial production at approximately 750 scf/STB. 

Fiist water production occurred in mid 1995 and has steadil) 
increased. Water injection was implemented downdip of the oil- 
water contact to provide pressure maintenance. Rapid pressure 
depletion occurred through the middle of 1995 when production 
withdrawals were balanced by aquifer influx and water injection. 



^EST AVAILABLE COPY 



693 



B. A. ROGERS. M. K. 8URK. S. A. STONECIPHER 



Approximately 1,200 psi total depletion has occurred since first 
oil production began. 

In order to evaluate completion effeciencies and for 
benchmarking purposes, bottpm hole pressure build-up or fall-off 
surveys were performed within the first few months following 
each well's completion. Subsequent bottom hole pressure testing 
has been performed to monitor changes in completion efficiency 
and reservoir pressure depletion. In early January. 1996. bottom 
hole pressure surveys were performed on every producing well. 
Reservoir pressure had stabilized as can be seen in Figure 4. 
Permeability had declined to approximately 20-30% of original 
values due to compaction of the unconsolidated reservoir rock as 
a result of pressure depletion^. The loss of permeability was 
expected and had been predicted by laboratory experiments. 

What was not expected was the increase in skin in the majority 
of tfie producing wells as shown in Figure 5. This was a major 
concern since several of the major producers had now reached 
drawdown limitations that we had imposed in order to preserve 
completion integrity: If completion skins continued to increase, it 
would mean that we would have to relax our drawdown liinita- 
tions or go on production decline for the first time in the life of 
the field. As it turned out, both- of tte above happened. 
Drawdown limitations were relaxed from 1000 psi to our current 
limit of 1500 psi. Rapidly increasing skins soQn took their toll, 
however, and production was allowed to decline as we adhered to 
our new maximum drawdown limits. Since the drilling rig had 
already been demobilized, the only quick and cost effective way 
to arrest the production decline was to design and implement an 
acid stimulation treatment for the wells which would significandy 
reduce skin. 

Laboratory Design 

Before pumping any type of mud acid stimulation, it was decided 
to test the recomniiendecl acid formulation in the lab. Since the 
Bul-1 reservoir wais so unconsolidated, conventional core plugs 
could not be takeii from the whole cores we had from Wells A-2 
and A-4. Instead. large composite samples were created for both 
wells by combining loose sand from several quality sand intervals 
in each whole core. A sand pack was then prepared in a 1 " rubber 
Hassler core holder sleeve by first installing a fme wire mesh 
screen, followed in turn by 2" of 20/40 gravel pack sand. 6" of 
loose composite core sample, 2" of 20/40 gravel pack sand and 
capped with a 1/4'* 40/60 niesh resiri coated sand disk. The sand 
was fmrily compacted as it was being loaded into the rubber core 
holder. The purpose of this core plug design was to attempt to 
simulate the actual gravel packs in place. The 2" of gravel pack 
sand at the end of the core plug was included only to hold back 
the reservoir sand. A picture of one of the core plugs is shown in 
Figure 6.The core plug was then inserted into the Hassler core 
holder, 900 psi of confining pressure placed on the core sleeve 
and the apparatus placed in an oven set at 160*' F. The pore 
volume in the formation sand portion of these sand packs was 
approximately 23 ml. 

A baseline permeabLlity was obtained by saturating a Well A-2 
core with a simulated formation brine and then displacing the 
brine with EW-873 crude oil. Differential pressure was recorded 



as 300 ml of the crude oil was pumped through the core 
0.75 - 1.0 ml/min. A typical half strength mud acid treatnr. 
then prepared, which consisted of 300 ml xylene with 1% 
solvent preflush, 300 ml of 10% HCI/IG% Acetic/5% 
solvent/D.5% surfactant/2% chelating agentA).5% in 
corrosion inhibitor preflush and 300 ml of 10% HC 
HF/0.5% surfactani/2% chelating agent/0.5% inorganic co 
inhibitor. This treatment was pumped at 10 ml/min. To n: 
the change in permeability as a result of this treatment. 30< 
crude oil was again pumped at 0.75 - 1.0 ml/min. The re: 
shown in Table 1. was a 54% loss in permeability. This 
treatment was repeated on a Well A-4 core with similar re; 
74% loss in permeability. The same treatment was repea 
another Well A-2 core, but the mud acid was followed by 3 
of fluoboric acid, again with the same results, a 62% I 
permeabili^. 

At this point, it appeared that designing a successful 
formulation for this reservoir rock might not be a simple i 
dure. The first task was to identify die reason for the high li 
permeability. This wotild require several more acid coref 
and a dbeper investigation into the rock itself utilizing : 
diffraction and a scaruiing electron microscope (SEM). Due t 
potentially Iqrge number of corefloods we would have to rui 
decided to concentrate only on Well A-2 core, since Well A-^ 
exhibited the greatest increase in skin. In order to enable t 
examine the corefloods in the vacuum of the SEM, the crud 
phases had to be removed from the procedure. They « 
replaced by 5% ammonium chloride and a fresh water p 
added at the end of the flood to remove salt crystals. The chs 
in permeability was then measured by the change in differei 
pressure across the core required to pump the ammonium chlo 
stages through the core at 10 ml/min before and after the ; 
treaunent was puinped. The voluine of various stages were ; 
varied to study the effect on penneabiiity. All of the remair 
corefloods were performed in this manner. 

As a first step, in-house X-ray . diffraction analyses w 
performed on Well A-2 and A-4 core to verify the mineralo 
These analysis indicated that the zeolite content in Well A-2 \ 
actually in the 15-20% range, whereas Well A-4 contained o. 
0-2% zeolite. As shown in Figure 5. these values correlate w 
the observed increase in skins i.e.. there was a dramatic incre; 
in skin in Well A-2 associated with the high zeolite content a 
very little increase in skin in Well A-4 where the zeolite cont< 
was low. Figure 7 shows an SEM photograph of the zeol 
platelets in Well A-2. 

The second set of tests were designed to examine the effects 
compaction. Core samples from Well A-2 and A-4 were placi 
in a triaxial core holder and loaded to simulate overburden foro 
on the reservoir rock resulting from pressure depletion. The con 
were then examined with the SEM after unloading. In Well A-: 
it was found that the soft zeolite cement had severely deforme 
and actually flowed into the pore throats. In Well A-4. on th 
other hand, where there was no ductile zeolite to absorb stresi 
silicate fines consisting of crushed feldspars and broken edges o 
quartz grains were generated. These observations explained wh 
the near wellbore skins increased so rapidly in wells that had higl 
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zeolite concentrations. As reservoir pressure depleted and as near 
wellbore drawdown increased, compaction effects caused the 
zeolite particles to extrude into the pore throats and reduce 
permeability significantly in the near wellbore region. 

The fourth coreflood that we ran was very enlightening, We 
observed that there was a substantial loss in permeability, while we 
were pumping 5% anunonium chloride, with 1% mutual solvent 
and 0.5% clay stabilizer into the core. Several acid stages were 
pumped through this coie, each followed by anmionium chloride. 
On the ammonium chloride stage after a 550 ml 10% HCl/1.5% 
HF stage, we decided to omit the additives. The result was np loss 
in permeability while pumping the anunonium chloride. We 
added the mutual solvent and clay stabilizer back into the 
ammonium chloride and again experienced the same trend in 
permeability loss. A 764 ml stage of fluoboric acid was then, 
pumped through the cote, followed by ammonium chloride with 
no additives. This coreflood* resulted in the largest gain in 
permeability, •f-53%,, that vi^e experienced in any of the corefloods, 
however, several large acid stag^ weve required. S£M analysis of 
this coreflood, however, were not too encouraging. The injection 
end of the core exhibit^' coniimon remnants of incompletely 
dissolved zeolites (see Rgure 8), which partially filled some of 
the pores. In contrast, pores in the output end of the core were 
commonly filled with large clots of authigenic silica gel. We were 
concerned that tbt silica gel we had generated would either flow 
back v/ith tinie in the piroducdon mbde or undergo the same sort 
of ccmpactional deformation as the zeolite and result in another 
loss in near wellbore permeability. We and others bad experi- 
enced these type of results in the past in othat Heljds with mud 
acid, where the gzdn in productivity was reladvely short lived''. 
The objecdve of this study was to find a treatment that would not 
only improve productivity, but also maintain high pirddiictivity 
over an extended period of time. 

Because the key to maintaining high procluctivity after treat- 
ment appeared to be tied to keeping dissolution products in 
solution, it was decided to look at organic acids, which have the 
ability to enteince the solubility of aluitiinosilicates by chelating 
aluminum^. Aluminum hydroxide precipitates appeared to act as 
templates which facilitate the formation of silica gels. This search 
lead us to try several organic mud acid mixtures. The first 
formulation chosen consisted of an 8% Oxalic/1 .5^ HF acid 
mixture because oxalic acid has been shown to be one of the most 
acdve with respect to aluminosiiicate dissolution^. The first flood 
with this formulation exhibited a relatively small loss in perme- 
ability, good dissolution of flnes and generated little to no silica 
gel. A higher concentration, 8% Oxalic/i3.d% HF mixture, 
resulted in a higher loss in permeability, extensive fines dissolu- 
tion and silica gels were once again generated. The 8% Ox- 
alic/1 .5% HF mixture at first appeared to be a viable candidate, 
but it was found to have the potential to precipitate calcium and 
sodium oxalates when compatability tests were run with forma- 
tion brine. In addition, due to the lower ionic strength of the 
organic mud acid niixtures, compared to the inorganic mud acid, 
it was decided that we would need to add 5% ammonium chloride 
to the organic mud acid to insure we would not induce clay 
swelling. Difficulty was also experienced in trying to dissolve an 
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8% solution of oxalic acid in the 5% ammonium c 
mixture. For these reasons, Oxalic/HF formulations were < 
unacceptable. 

Citric acid, commonly used as an iron sequestering a 
acid stimulations, has also been reported to enhance solub 
aluminum and silicon^*^. When 8-10% Citric/1.5% HF fo 
tions were pumped through the cores, the results proved to 
most encouraging of any of the corefloods. Theise m 
yielded relatively low losses in permeabiUty, from 8-2 1 % 
dissolution of fmes and no silica gel (see Figure 9 
compatability problems existed with the formation brine a 
citric acid could be mixed at high concentrations. The 
additive put into this mixture was 0.5% corrosion inhibito 
also had determined that there was no benefit from any t> 
preflush. Based on these laboratory results, even with a net I 
permeability, we were reiady to initiate a field test wit 
Cifaic/HF mixture. The chemistry of the mixture appeared 
right It dissolved what we wanted it to jand did not leave Ik 
any unwanted precipitates. If we could have simulated the 
wellbore dam^^ in the coreflood, we would have expected t 
ithprovennents in permeability. Since we were starting wii 
undamaged sand pack, just minimizing damage caused b^ 
treatment was acceptable. Our best acid candidate/ was Well 

Field Implementation 

The first well to be treated with the Citric/HF acid formula 
was Well A-2. This well h^ a 121 ft frac-packed interval, 
well had produced 4500 BOPD initially with 650 psi dra^yd^ 
and a skin of +10. After almost 2 years and over Z.niilHon- bar 
of oil production, the production rate had fallen to 1377 BC 
with 1600 psi of drawdown and a skin of +93. 

The acid treatment designed for Well A-2 consisted of 12,( 
gallons of 5% ammonium chloride pre-flush, 15.000 gallons 
10% Citric/1.5% HF/5% ammonium chi6ride/0,3% orgariic a 
corrosion inhibitor and 5000 gallons of 5% ammonium chlori 
The treatment was designed to be bullheaded down the product 
tubing using rate and pressure for acid diversion^. A maximun 
BPM rate, not to exceed 4000 psi surface treating pressure v 
decided upon. The 4000 psi surface limitation would avc 
reaching fracture pressure at the sandface, based on bottomh( 
pressure data obtained during (he initial frac pack. The 50 
gallons of post-flush would be just enough to displace the ac 
treatment to the gravel pack screen. A large overhush was n 
designed. In the laboratory, the HF acid was consistently spe 
within the first two inches of reservoir sand. It did not see 
advantageous to push this spent acid back further into tl 
formation, raising the pH in the near wellbore area by doing i 
and then put the well on production. The spent acid flowing bac 
through the near wellbore area would have more tendancy to drc 
out precipitates in a higher pH environment created by a lar| 
post-flush, than in a low pH environment, as a result of no pos 
flush actually reaching the formation. 

The size of the treatment, along with the required pump ratei 
made the use of a frac boat necessary. The Citric/HF was bate 
mixed using a pre-mixed 5% ammonium chloride solution, t< 
which dry citric acid was added, then concentrated liquid HF an( 
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a liquid corrosion inhibitor. The treatment was bullheaded down 
the production tubing. The injection rate was 2.S BPM at 3450 psi 
when the acid reached the perforations. At the end of the treat- 
ment, the injection rate was 3 BPM at 1900 psi. The well was put 
back on production immediately and flowback samples were 
taken every hour. After the well had cleaned up, the production 
rate was increased to 3400 BOPD. A follow up bottom hole 
pressure build-up survey confirmed that the drawdown had 
dropped to 1250 psi at this rate and skin had decreased to +14, 
After another year and almost another 1 million barrels of oil 
production. Well A-2 is still producing 3300 BOPD, with a skin 
of +12. 

Shortly after the successful treatment was pumped on Well 
A-2, similar treatments were designed for two water injection 
completions. Hie biggest difference in the treatment design was 
in the way the Citric/HF was mixed. In these treatments, the acid 
was batch inixed using a pre-mixed 5% ammonium chloride 
solution, to which concentrated liquid cithc acid was added, then 
dry ammonium biflouride and a liiquid corrosion inhibitor. These 
treatment^ increased injectivity from 1500 BWPD at 3500 psi 
injection pressure (IP) to 7S00 BWPD at 3000 psi IP in Well 
A-14 and from 3500 BWPD at 3500 psi IP to 6400 BWPD at 
2950 psi IP in Well A-12. 

Turning our efforts now in the direction of field Citric/HF 
formulation, several formulations were prepared in the lab using 
a concentrated liquid HF and solid anmiontum bifluoride. As can 
be seen in Table 2, the acid prepared, with the liquid HF was a 
stronger acid, with a lower pH. If one were using an HCl/HF 
mixture, the problem with using solid ammonium bifluoride of 
aqueous ammonium fluoride is not very significant. To make a 
1.5% HF solution using ammonium fluoride uses up about 2.7% 
HCL Using animonium bifluoride uses just half that aniount, 
1.4% HCI. Formulating a CitricyHF mixture with ammonium 
bifluoride or ammonium fluoride makes the problem more 
complicated and severe. Citric acid contains three distinct acid 
hydrogens (-COOH), each one with a different acid strength. To 
make a 1.5% HF solution using ammonium fluoride, it would 
require a 14.4% solution of citric acid to have enough of the Hrst 
and strongest acid ^oups available for consumption. Again, using 
ammonium bifluoride wotild require just half this amount, 7.2%: ' 
The first and strongest hydrogen of all the citric acid molecules 
are used up before the second hydrogen is consumed, thus 
resulting in a weaker acid system. For these reasons, it was 
decided that all future Citric/HF treatments would be prepared 
using concentrated liquid HF. 

Strict quality control guidelines were also implemented. 
Laboratory analysis of any concentrated acids had to be verified 
by supervisory* personnel on the boat. Every batch of acid mixed 
on the boat would have to be checked for density and pH as per 
the results in Table 2 before being pumped downhole. Live acid 
samples of every batch mixed are also to be taken for laboratory 
analysis. 

The desire to pump these treatments at even higher rates led to 
another evolution of field Citric/HF formulation. To accomplish 
diese desires, concentrated liquid Citric/HF was pre-mixed at the 
acid plant. This concentrated mixture is then diluted on the fly in 



the batch mixing process and has allowed us to achieve in 
rates of up to 14 BPM. Since these changes have been imp 
several successful Citric/HF treatments have been pumpei 
none of these treatments showing aiiy negative effect. A sur 
of the treatments is shown in Table 3. As shown, oil prod 
was initially increased by over 8500 BPD as a result of tre2 
wells. Oil production is still up by 6000 BPD due to th< 
stimulations, 6 to 16 months after the treatments were perfo 
Water injection was increased by 9000 BPD initially, b? 
treatments bad to be repeated. 

As a follow up to our Citric/HF acid stimulation treatn 
several wireline production logs were mn to determine the e 
of diversion we were achieving. These spinner surveys indii 
that diversion was achieved over the entire interval in almo 
of the treatments analyzed, largely as a result of the very 
injection rate used during the treatment 

Conclusions 

1. Zeolite rich formations can lead to increasing skins 
result of reisiervoir compaction and fines migration, even in 
packed completions, 

2. Accurate quantitative knowledge of the mineralogy of 
reservoir ridck to be acidized is critical. 

3. Testing an acid system in the laboratory on actual resen 
rock is essential with complex mineralogy or little complet 
experience. 

4. SEM analysts of a coreflooded sandpack is an exell 
method to help rate the effectiveness of an acid treatment and tr. 
provide insight to the cause of increasing near wellborn skins. 

5. Chemical additives to acid treatments should only 
included if they prove to be beneficial. Some additives c 
contribute to formation damage and fines migration. 

6. The 10% Citric/1.5% HF acid formulation effective 
dissolves chemically reactive formation fines such as zeolir 
without the creation of significant quantities of silica gel. t 
preventing dissolution products from reprecipitating. 

7. 10% Citric/1.5% HF acid treatments provide results wit 
greater longevity due to the lack of silica gel residue left in th 
formation. 

8. Using rate and pressure for acid diversion can be an effectiv 
way to treat long intervals, eliminating the need to use potentiall- 
damaging foam or oil soluble resin diverting agents. 

9. Citric/HF acid mixtures should be mixed using concentratec 
liquid HFand not anunonium fluoride or ammonium bifluoride 

10. Strict quality control guidelines need to be included in all 
treating procedures and be closely adhered to. 
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TABLE 1 - CORE FLOOD RESULTS 



CORg 
A-2 
A-4 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 
A2 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 
A-2 





MUTUAL 






FLUO- 


NH4CL 


NH4CL 


XYLENE 


SOLVBIT AOO 


MUO 


Bonc 


INJ. PSI 


INJ. PSI 


PHEPLUSH PflPFLUSH PRPFLUSH 


ACID 


A£U2 


BEFORE 


AFTER 


YES 


YES 


10%HCU10%HAC 


^o%HCU^.s%HF 


NONE 


220 


475 


YES 


YES 


10%HCU10%HAC 




NONE 


1 lU 




YES 


YES 


10%HCU10%HAC 


10%HCU1.5%HF 


YES 


200 


525 


NO 


YES 


3%HCL/3%HAC 


3%HCL/0.5%HF 


YES 


55 


36 






10%HCU10%HAC 


10%HCU1.S%HF 








NO 


NO 


10%HCL^10%HAC 
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NO 
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37 
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no aoo 






YES 
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25 
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NO 


NO 
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NO 


17 


27 


NO 


NO 
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8%HOXr3.0%HF 


NO 


25 
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NO 


15 


22 


NO 
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NO 


17 


24 


NO 


NO 
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17 


22- 


NO 


NO 


8% HOX 


NONE 


YES 


20 


33 


NO 


NO 


NONE 8% atffc/1.5% HF 


NO 


30 32.5 


NO 


NO 


NONE 10% airie/1.5% HF 


NO 


21 26.5 








w/5% NH4CL 









PERM 
CHANGE 



SEM POST AWAIV^Jff 



•54 Note: Inj psf ot crude oil. NH4CL poatBush had mutual : 
No SEM 

-74 Note: hi psi of crude oil. NH4CL postflush had mutual • 
No SEM 

-62 Note: h| pai of cfuds oil, NH4CL poalduah had mutual a 
NO SEM 

53 Ir4 end haa mailed zaolitea, aoma pora filling, prod end i 
much aiDea gal 

-27 ^* and haa nmovod and fciaed zaotilaa, pred and has ac 

siKca gal. ilfila m middle of com 
-68 hf end haa aome d!aaolut|oa pfod and la untouched. 

poaaifala migration ol fines genamled by dlaaehitlon 
0 fr^' and has diaaoftitlon and aifica gal. pcod and also aho» 

diaaolution and sUfca gel 
37 Ir^ and prod anda ahoMf much dlaaotutfon and aiDca gal 

>25 and haa dlaaoMion. prod and unlouchod. no aiOca gef 

-38 hi and haa dissolution and much silica gel 

-26 Ir^ end has diaisolirtion. prod and haa traco to no aiHea gal 

-37 

-44 hi and haa' axisnalw diaeolulion, prod and haa ainca gel 

-32 tr^' end haa mod^axtan diaaolutian. pfOd and haa minor aiKc 
gal. 

-29 W and haa sxtensiw cfiaadulion & sIHea gal. prod and also 

shows diaaolution and silica gel 
•23 in| and haa mod^geod diaaolulloa prod and haa minor ailica 
gel and aoma daaolution ... 

•39 hf end haa extanana disaolutiah and filing ol pora apacoa. 

prod and showa' minor dissolution 
•8 }ni end haa extenahe diaaolution, no silica gel. piod end haa 
no cSsaolutfon 

'21 In} end has axlenaiw disaolution. no ailica gel, pmd end has 
no dtoaohition 



TABLE 2 - PROPERTIES OF ACID MIXTURES 



Density 

Acid Mixture tg/m i) 

50 wt% Citric acid (anhydrous) 1.2393 

50 wt% Citric acid (54.7% monohydrate) 1.2423 

10% Citric. 5%NH4CI, 0.5% corr. inhib. 1.0573 

10% Citric, 1.5% HF. 5%NH4CI. 0.5% corr. inhib. 1.0622 

10% Citric. 1.5% HF. 5%NH4CI. 0.2% corr. inhib. 1.0624 

10% Citric. 1.5% HF via 2.14%NH4HF2. 5%NH4CI 1.0649 

10% Citric. 1.5% HF via 2.18%NH4HF2. 5%NH4Ci. 0.5% corr. inhib. 1.0649 

10% Citric. 1.5% HF via 2. 1 8% NH4HF2+3.7% HCI(c). 5%NH4CI. 0.5% corr.inhib. 1.0644 

10% HCI. 1.5% HF. 0.5% corr. inhib. 1.0518 

10% HCI. 1.5% HF. 2% chelating agent. 0.5% corr. inhib. 1.0557 



pH Measurement 
Test Strip Glass Pm^ ^ 



0.6 

0.6 
1.3 • 1.5 

0.6 

0.6 
2.0 - 2.2 
2.0 - 2.2 
0.6 • 0.6 

0 

0 



0.72 
0.76 
1,65 



ole 1:The density measurements were determined by weighing 100 ml in a polypropylene volumetric Mask. 

For.reference. the density for deiohized water was measured at 0.9980 gm/ml. Reference book values are 
0.9978 © 22*C(71 .6*F) and 0.9975 ® 23'C(73 .4*F). 

inole 2: The pH paper lest strips used in these measurements are designated as Pehanon (Sireifen) pH strips. 
They are manulactured by Macherey Nagel in Germany and are dislribuied by G ailafd-Schlesinger here in the USA. 
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TABLE3-AaO TOATKBfl-peSU-TS 












Acid 


Max. PuTf] 


Pre-^ Rates 


Post-Add ftates 


current Aiteo 1173/97 


Well 


Date 




Lobes 


Type 




bopdl ddn 


1 APM 


bopdl sMn { 




t>opd 1 sMn 


1 AP(psO 


ProduoBfv 






























Ar2 


7/1/96 




70&80 


Cftiie-fF 


3 


1.377 


93 


1.600 




3,400 


■ 14 


1,250 


3133 '12 


1100 


M 


1Qn7/S8 


70&8O 


a6(c+F 


3 


116 


•100 


eooo 




1,590 


24 


895 


'1464 27 


1650 


M 






30 


Cttric4^ 


1.S 


1.400 


*eo 


1.800 




1,7D0 


"30 


1.300 


1421 54 


1500 


A-10 






20,70^60 


OUte+F 


9.5 


2,400 


-60 


1,600 




Sk6SO 


•18 


1.500 


4340 *40 


1700 


M 






10 A 20 




aa 


%140 


67 


1,350 




17 


1,230 


3100 *22 


1000 












7.433 






1^130 




13^478 












Acid 


Mex-Pumd 


Pre-Aadfte>e< 


I 


FDst.AcidFfates | 


CurentHite 


■ 11/^97 


WbQ I 


OMB 




Lobes' 


TVpe 


Me(BPII«1 




A.14 






10.20^30 


Olite-ABF 


3 1^ 


211 


^700 


7,600 


42 


1,400 K 






A-12 






70&B0 


CRrfc>ABF 


3 3,500 


•60 


2^000 


6^400 


5 


1.1C30-. 






A-12 






7D&B0 


Otiic+F 


43 1^ 


•100 


^500 


31079 


•40 


1.400;: 3275 "SO 


1900 


A-14 




1ft 20, 30 


Otifc+F 


9 ^277 


•100 


^600 


$.377 


"10 


I^T' 9864 *12 


1400 


• 
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Fig.l - Ewing Bank 873 stacked sand cross section. 
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I I LOBES 10 AND 20 BUL-I STRUCTuae 

I \ Lobes to and ao 



Fig.2 - Ewing Bank 873 BUL-1 structure map 




Aug^ Nov-94 Feb^ May-SS Aug^ Nov-^ Feth96 May-96 Aug^ Nov^ Fet>^ May-GZ Aug-«7 Nov-g/ 

Fig.3 - Ewing Bank 873 production history. 
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Rg. 4 - Ewtng Bank 873 pressure history 
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Fig.5 - Comparison of initial completion skin and skins measured in January, 1996 
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Fig.9 SEM photograph of Citric/HF flood showing good zeolite dissolution and no silica gel. 



